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CALIBRA~lON TOPICS SANTA BARBARA RESEARCH CENTER
a stj~sldiaq

● CALIBRATION REQUIREMENTS
● CALIBRATION STRATEGY
● OBC

● SOLAR ILLUMINATED DIFFUSER
Q BLACKBODY
● SRCA
c MODELING RES(JLTS

● PREFLIGI-IT
● PERFORMANCE/C HA RACTERIZATION
● BTE/GSE
● CALIBRATION

● REVIEW OF OTHER MAJOR ASPECTS
● SPECTRAL SHIFTS
● DIFFUSER SELECTION
● LUNAR CALIBRATION

● CALIBRATION SUMMARY
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I

Phase C/D Predicted
Parameter Require-

ment Prefiight On-Orbit
~adiomet~ Calibration
3elow1.0 Jlm 5% 4% 3YO*”

1.1 to 3.0 ~ 5% 4% 3Yo*e

tive 3 w 1 Yo 1 Yo 1 Yo

~eflectance 2V0 4V0 2%

SpectralCalibration
:enter Wave- 0.5 nm 0.5 nm 1.0 nm’
ength prefiight

1.0 nm
on-orbit

Spectrai Band- 0.5% FS 0.50/0Fs 0.570 FS
to-BandStabiiity 1.0% Hs 1.070Hs
GeometricCalibration
Band-to-Band 0.1 iFOV 0.05 0.1 IFOV
Registmtion IFOV
DiffuserBRDF
<2.0 pm 1.0%
2.0 to 2.5 w 1.5%

FS = Fuii Scale HS = Hatf Scaie
“ Dependent on goodcorrelationwith fuil aper-

ture groundmeasurement and SRCA sub-
aperture measurements

● * Multipiecalibrationmethodologiesare re
quired

SANTA BARBARA RESEARCH CENTER
a subs(dla~

CALIBRATION
REQUIREMENTS
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CALIBRATION STRATEGY
USE MULTIPLE MEASUREMENTICALIBRATION

METHODOLOGIES SANTA BARBARA RESEARCH CENTER

a subs!dla~
— ——— ————— -————

-—

MODIS-N

PREFLIGHT — USE MULTIPLE METHODS AND CORRELATE

● LOOK FOR TRENDS IN CALIBRATION HISTORY
THROUGHOUT PREFLIGHT LIFETIME

INFLIGHT — ONBOARD CALIBRATORS
I

● RADIOMETRIC, SPATIAL, SPECTRAL AND ONBOARD CALIBRATOR
STABILITY MONITORING

IN FLIGHT — REMOTE SCENES

● MULTIPLE EARTH SCENES
● LUNAR SCENE

EOS SENSOR CALIBRATION

RECOMMENDED COORDINATED CALIBRATION CAMPAIGN COVERING
MULTIPLE EOS SENSORS

c PREFLIGHT CALIBRATION SOURCES

● INFLIGHT EARTII REFERENCE SCENES

I IT IS BELIEVED THAT 2% ABSO

6/89
9Q634-98
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MULTIPLE, OBC ARE
FEASIBLE AND WORKABLE

SANTA BARBARA RESEAHCH CENTER
a Substti, a(y

DC RESTORE ALL BANDS

BLACKBODY — FULL APERTURE MWIR/LWIR

SOLAR ILLUMINATED DIFFUSER VIS/NIR/SWIR
TWO LEVELS

SRCA

RADIOMETRIC CALIBRATION CHECK VIS/NIR/SWIR

SPATIAL BAND-TO-BAND REGISTRATION VIS/NIR/SWIR/MWIR/LWIR

SPECTRAL RESPONSE VIS/NIR/SWIR
I

DIFFUSER STABILITY MONITOR VIS/NIR

6/89
90634-9s
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MODIS-N IN-FLIGHT CALIBRATORS

SOLAR

I

SAN TAB AR BAR AR ES EAflCH CENTER

a subsl{l, a~

_— - -—— *

SDS

i /
/

SCAN
MIRROR

/--- -

BLACKBODY
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MAIN HOUSING BOLTS TO
TOP OF SENSOR HOUSING ‘

~~

P-Y
OUTBOARD “ \

SUPPORT BEARING “

DOUBLE SURFACE SOLAR
DIFFUSER REFLECTOR —
ROTATES 180° ON AXIS

/

~~~ //
,.”—.. ..__ --------

/

REDUNDANT TORQUERS
ANDTWOPOSITION
STOP MECHANISM

c DOUBLE SIDED

● BRDF’s: 0.18/sr, 0.018/sr

● EFFECTIVE ALBEDO: 46Y0,4.6%

SANTA13ARBARA RESEARCH CENTER

a substdla~

FULL,APERTURE
SOLAR DIFFUSER

PROVIDES
ACCURATE

AND STABLE
RADIOMETRIC
CALIBRATION

5191
91.0343-31
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1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

.—. .

b

OBC – SDI—— .—..

OBC — SD2
—— —. .— —— —.

I 1 I I I 1 I 1 I I I I I

246 8101214161820222426

SPECTRAL. UAND

----------—- .-, .—.. ..... . . ..... . -------

NUMBER

.. .,.-. . -

SANTA BARBARA RESEARCH CENTER
~ subsldla~

TWO SOLAR
DIFFUSERS

NEEDED TO
MATCH VIS/NIR

AND SWIR
ALBEDO LEVELS

6189
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● ● SOLAR DIFFUSER: BRDF (GI, @N) = 0.18

.x x SOLAR DIFFUSER: BRDF (~,, @N)= 0.016
0 0 SOLAR DIFFUSER: BRDF (QI, @N) = 0.018

I I I 1 I 1 I 1 I I 1 I I
246810121416182022 2426

SPECTRAL BAND NUMBER

SANTA BARBARA RESEARCH CENTER
a substdnafv

TWO SOLAR
DIFFUSERS

PERMIT
ADEQUATE
SNRS FOR

RADIOMETRIC
CALIBRATION

6/89
90034-89
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L

/

\ u

●

●

●

●

25° V-GROVE HALF
ANGLE

ALUMINUM
STRUCTURE

AMBlENT
TEl

EMI

IPERATURE

SSIVITY >0.992

*

SANTA BARBARA RESEARCH CENTER

4

V-GROVE
BLACKBODY

DESIGN
OFFERS HIGH

EMISSIVITY

5191
91-0347-30
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ON ORBIT RADIOMETRIC
CALIBRATION MODEL FOR MWIR/LWIR 1=SANTA BARBARA RESEARCH CENTER

a subsld!afi

● PARAMETRIC MODELING — MODEL VARIABLES

● SCENE

● SENSOR

● OBC-BB .

● SPURIOUS
SOURCES

● MODEL SNAPSHOT

● SCENE

● SENSOR

● OBC-BB
● SPURIOUS

SOURCES

I
● TEMPERATURE

● RSS-O.30K TO

TEMPERATURE

SPECTRAL SHIFT, OUT OF BAND TRANSMl17ANCE, NEAT

TEMPERATURE AND EMISSIVITY AND THEIR UNCERTAINTY

DIRECT AND INDIRECT SOLAR ILLUMINATION, SENSOR
INTERIOR CAVITY EMISSION

NOMINAL TEMPEF?ATtJRE FOR EACH BAND

SPECTRAL SHIFT 0.01 TO 0.05 /fIll, Toob ❑ 0.001,
SOW NEAT SET

T~B = 320K; tea = 0.99
T~~_uNc= 0.25K; tBB_UNc = 0.006

NO DIRECT SUNLIGHT INDIRECT p = 0.06 WITH Q = 1 s~
SENSOR CAVITY: g = 1.0, T = 300K, ~ ❑ 2 sr

UNCERTAINTY:

0.56K
6169

90634-160
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ACCURACY PREDICTION
FOR MWIR AND LWIR BANDS 1=

SANTA BARBARA RESFARCH CENTER
a SUIJSI (l, IIY

H— -.

1.2

1.1

Absolute ‘“0

Radiometric

Calibration

Uncertainty ~

in ‘A

.8

.7

.6

.,.,,

“1
.......

1
:.:,:.:~::{.:.:.:.:.>,: Uncertainty of Radiometric Calibrationy.;

@& MWIR / LWIR Bands

~’1 k 11

y.~:,,..j ...fg . Derived from Math Model,:::.,.. :X
.:::: :::::~: g! ~:

@ Spacillc Ilon Level
‘.1————— ——————

11

,.:::,:
.::> Model Parameters

.4:
Td - 288t(

cd
- 0W2

E - 0004
uncenalrlfy

Trans
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.:V
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~
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::>
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@no temperature - Tmax

1

.

.. 1
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Spectral Band Number
9191
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PRE-FUGNT RADIOMETRICCALIBRAllON

l...–. - — —-—— —

I PREFLIGHTCALJBRATIONOF ON-BOARDCAUBRATORS
Unblauml. rlmsa~ 7

I I Sosu I
1

L

I GROUNDlR~ CAUBRATION 1

1
I
I
I
I

-1. :.

0-
Smun

I
I
I
I
I
I
I
I

lJSER

MODIS-N CALIBRATION MANAGEMENT PLAN BLOCK DIAGRAM COVERING
PREFLIGHT AND ON-ORBIT ACTIVITIES INCLUDING MATH MODEL INDEX

I

SANTA BARBARA RESEARCH CENTER

a subsldlaq

MODIS-N
CALIBRATION

MANAGEMENT PLAN
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I

Model 8 Purpose Model Number

rranster spedral radiancaflrradlance to spherical lnte- sour~ calibration, la, 2a, 3a
?ratorsoun (S1S) via rnonochromator comparator - VIS/Nlft/SWIR lb, 2b, 3b
mttlple mathodo~les

S1S- MODIS-N Instrument calibration, 4a, 4b
VIS/NIFUSWIR.———. —.--—— --

Full aperture blamy - MODIS-N Instrumem calliiallon, 3
MWl~WIR

MTF/lFOV - calibrator (phased relicles) - MODIS-N Instrument characterization, 6
all bands

t3and-lo4)and registralbn - calibrator and phased reti- Instrumem characterization,
.-——

7
de (CT/AT) - MODIS-N ail bands

Translerd response - calibrator - MODIS-N Instrumem characterkal~n, 8
all bands

Spectral response - rnonochromalor - MODIS-N Instrument characterization, 9
all bands——- -——. —.—

Polarizalbn - calibrator - MODIS-N Instrumem characterization, 10
atl bands.—

Slray light response/calibrator/SIWa~e aperture IR
——

Instrumem LI ,dId~lerization, ha, llb
soume - MODIS-N all bands

OBC biadd)ody - MODIS-N Instmment calibration, 12
MWIFtiLWIR

OBC dtiser calibration BRDF 0.4-2.40 ~ , angle 13a

OBC soiar-~mlnated dittuser - MODIS-N Instrumem calibraihn, 13b
VIS/NIFUSWIR

SRCA - tikemd incandescent soume - MODIS-N Catibratbn trarrster, 14a
Vl~lFUSWIR

SRCA - fihend incandescent sou~e - MODiS-N tnStN~fd calibration Checir, 14b
Viwtwswifl

Wavelengthcatibratbn- SRCA rnonoc~mator k calibration,VIS/NiR 15a

_ rewme - SRCA - MODIS-N lnsl~rnem charadetiatbn, 15b
vis/NIR

~o~;-j- Spaliatregktratbn - OBC SRCA - ~mment characterizatbn, 16
aBtrends

mar - sun- solartUumirrateddittuser atabm Dmfuseratablltty Ched(, 17
momor 0.434.90 ~

~ truth - Eatinar/atmo~re - MODiS-N - l@NmSm cati&allon 18
eeverat maior models

SANTA BARBARA RESEARCH CENTER

a stlbsltlla~

PERFORMANCE
CHARACTERIZATION

AND CALIBRATION
MATH MODEL

9/91

91-0742-3
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MODIS-N CALIBRATOR WILLBE USED
TO CONDUCT A BATTERY OF TESTS

oCAISlflAIOH
OPTICAL
6VSTEM

w n~TARV

81AOE
Kl\JATOIt
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I
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lRANsfENT
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I
ROTARY
6TME

ACIUATON
c~oocn

I-JPA~E~ PA~EfltAS
WEEL . PNASEO I(E -

fAflfl ALH ANO
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LENS
. SCENE 6~Tw
. CalER~T NOISE

SANTA BARBARA RESEARCH CENTER

● subsld!a~
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I

10,00(

1,000

I

100

h

D--O FILTER:
~ FILTER:
~ FILTER:

CS1-75 (0.15 cm)
BG-23 (0.18 cm)
BG-34 (0.20 cm)

1 I I 1 I 1 1 I I I 1 1 1

2 6 10 14 18 22 26
SPECTRAL BAND NUMBER

— -— .. —
—.-—- ----- . . . .. . . .

SANTA BARBARA RESEARCH CENTER

StiAPEC)
RADIANCES

YIELD HIGH SNRS
FOR SPECTRAL
CALIBRATION

6/6s
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Ioo,ooc

u)

~ 10,OOC
Q1 YR. *
&

1,00(

● 100/o DUTY

CYCLE

EXPECTED

10( 1 1 I 1 1
2000 2200 2400 2600 2800 3000

FILAMENT TEMPERATURE

SANIA BARBARA RE5EARcti CENTER

INCANDESCENT
SOURCE

EXPECTED TO
HAVE LIFETIME
GREATER THAN

10,000 HOURS

0/89
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—.—_—____________

TO SUN Pt{OTODIODE @ ~

\ \ \ -..wlkm
ARRAY’ ~ ELECTRONICS

WIDE / d ditj +t~MOToR
L]

/,lwHEEL~lu*DYNAMIC /! FILTER

RANGE
OPTICS

/
TO DIFFIJSER

1 l___________ —— .—— —
J\ _}d

\!. /
I

0—Sun --

/l\

Wld&Dynan~lc

Y

Range Opllcal

I
System

&

I,j:’

\o

I
‘F

o.—.—.—.—.—.—.—.——.—.—.—,—.—.—-----------------------.------------,,:.”--G?8I...............Y....’*
.—. .—-. VI.—.—----------.------

P
I

1 Enlranu Filter Collimating Grating Focusing Photodlode
SIII Wheel Opllcs Opllcs Army

I
Solar Dltluser

● Solar Diffuser Reflectance Monitored
Using Sun as Reference

.-

.

SANTA BARBARA RESEARCH CENTER

a subsldia~

SOLAR
DIFFUSER
STABILITY
MONITOR

(SDSM)
ALTERNATELY

VIEWS SUN
AND DIFFUSER

5/91
91-0343-32



WIDE DYNAMIC RANGE
OPTICAL SYSTEM

SD

—

‘ SD

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...*

OF
OBJECTIVE

- SPECTROGRAPH
b

FIE1 c) S(JN

1.ENS

PSUN = 4 (fi#):D

PSD m ● BRDF ● COs (0,) = 90

● VARIABLE VIGNETTING DUE TO DIFFRACTION: < ‘/20/0

I

● NONUNIFORM SENSITIVITY OF SPECTRORADIOMETER: CHARACTERIZE

● VARIABLE ILLUMINATION ANGLES: CHARACTERIZE
7189

=94A



1,000,000

100,000

10[

- - —

/.- -x–--–-x-------x-

<“ -\\
/“ ‘x.

/“ HIGH LEVEL DIFFUSER
-N.

-x

/0 o o--’---~d- -----

. ,o- -N
--. 0.\

‘ LOW LEVEL DIFFUSER -\
11 ‘o

400 500 600 700 800 900 1,000

WAVELENGTH (rim)

SANIA BARBARA RESEARCH CENTER
a subsldaaq

SOLAR ILLUMINATED

DIFFUSER MONITOR

RELATIVE SIGNAL

AS A

FUNCTION OF

MEASUREMENT MODE

6/89
90034-111



Type of Call-
bralion

DC restore

~adiomelric

~adiomelric

~adbmelric

?adbmelrlc

Spatial Regis-
Iralion

Spectral
[MODIS-N)

Spedral
[monochroma-
Ior)

Ditiuser stabil-
ity monilor

Difluser slabil-
ily mnilor

Source I Mechanism Aperture
.— 1 1

Space Full

ncandescent SRCA SpOC- Parlial
wurce Irally shaped

---1mllin~ato~

lfi~ndescent SRCA t Parlial

II
Incandescent SRCA grating Full
source monochromator

and filler

Sun SDSM grating Full
spectrograph
and fold mirror

Sun SDSM grating Full
spetirograph
and fold mirror

Spectral Bands

All

VIS/NIFUSWiR
less 8 through
16

ViS/NIR/SWIR

MWIR/LWIR

tilS/NiR/SWIR

VIS/NiR/SWIR
MWiR/LWIR

VIS/NIR

0.40 pms As
0.90 pm

0.40 pms ks
0.90 pm

Usage Fre- Olher
quency (Max) Comments

=

“Once per scan
line

Once per orbit BRDF.
0.18 srl

I produce 1

IAvailable once Low BRDF
per orbil diffuser

SANTA BAReARA RESEARCH CENTER

a subsld[aq

4

MODIS-N
IN-FLIGHT

CALIBRATION
CAPABILITY

5/91
91-0347.34



GSE/BTE FUNCTIONS 1=SANTA BARBARA RESEARCH CENTER

a substdla~

e

*

e

9

●

e

●

SIMULATE INTERFACE BETWEEN MODIS-N AND
HOST SPACECRAFT

PROVIDE OPTICAL STIMULI FOR PERFORMANCE
TESTING AND CALIBRATION

PROCESS HIGH RATE DATA STREAM

MONITOR, CONTROL AND RECORD TEST
CONFIGURATIONS AND OPERATIONAL CONDITIONS

PROVIDE COOLING OF SWIR, MWIR, AND LWIR FOCAL
PLANES FOR LABORATORY AMBlENT TESTS

PROVIDE RADIATIVE HEAT SINKS FOR THERMAL
VACUUM TESTS

PROVIDE SPECIAL TOOLS AND FIXTURES FOR
ALIGNMENT AND HANDLING

6189
90634-112A
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FUNCTIONAL
PERFORMANCE PARAMETER

spadc:d;ti. (lFOV)

A19rgTmdr

FU FlaldSPUIIOUS
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x
x
x

x
x
x

x
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AUgmnanI Rolamwo x

Illxx
xx

II
1,24,5.6

,.

IH
.-

1,2,3,4, S

1,2.3

1-1-1
~..,..,

!
i

1
x 1X1X1 I 4 1

xx x x x
xx x x x
xx x x x
xx x x x
xx x x x 3,4.5. a
xx x x

x x
xx x x x
xx x x
xx x

t-

Ixx

111113”” I1 1 , t 1 1 1

SANTA BARBARA RESEARCH CENTER
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I

PERFORMANCE
VERIFICATION

MATRIX
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SCAN MIRROR REFLECTANCE
CHARACTERIZATION

METHOD A - ROOF MIRROR

Roof Mirror

Scan Mirror
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CONCEPTUAL DESIGN FOR
REFLECTANCE CHECK ACROSS THE

SURFACE OF THE SCAN MIRROR 1-SANTA BARBARA RESEARCH CENTER

a Subsldlary

● Concern: Non-Uniform Contamination of the Scan Mirror On-Orbit

● Status: Baseline design for On-Orbit calibration sources does not provide information over the Iengttl
of the Scan Mirror.

● Conceptual Solution: Characterize Spectral Reflectance of Scan Mirror across its length.

● Two Methods: Both use the SRCA Monochromator (VIS/NIR) with the following modifications:

1) The collimator fold mirror must be capable of being tilted in small steps, in the scan direction,

2a)

3a)

4a)

2b)

3b)

with a stepper motor.

A Reflecting Roof Mirror must be located within the stall cavity in a location near the end or
the Earth Scan. The Scan Mirror is viewed at large angles of incidence.

A Silicon Photodiode must be added at the end of the SRCA exit slit to sense the Reflected
Energy from the Scan Mirror and Roof Mirror.

Vignetting due to beam translation needs to be characterized.

The Scan Mirror is viewed at Normal Incidence. (No additional optics required.)

A Silicon Photodiode must be added at the side of the SRCA exit slit to sense the reflected
energy from the Scan Mirror.

Either or both methods can be implemented.

● Action Needed: If the pursuit of this concept is of interest to GSFC, we’d be happy to respond to a
request for proposal.



SCAN MIRROR REFLECTANCE
CHARACTERIZATION

METHOD B - NORMAL INCIDENCE SANTA BARBARA RESE,ARC#I Cm

● tiwry
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scan Mirror
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